Abstract
Introduction

42
Insulin-like growth factor (IGF)-I is a 7.5 kDa peptide hormone produced mainly by the liver in in 43 response to stimulation by growth hormone (GH) (Daughaday and Rotwein, 1989) . Hepatic IGF-I 44 is secreted into the bloodstream and mediates many actions of GH. IGF-I is also expressed in 45 virtually all tissues and regulates cell proliferation, differentiation, growth and apoptosis in 46 paracrine and autocrine modes (Le Roith et al., 2001) . Local IGF-I is essential for postnatal 47 growth, whereas endocrine IGF-I is important for regulating circulating GH by inhibiting its 
63
Multiple whole-genome duplication events in combination with local modifications 64 shaped the number of IGFBP genes. Phylogenetic studies suggest that six vertebrate IGFBPs action by preventing it from interacting with its receptor (Lee et al., 1993 (Lee et al., , 1997 
114
Hokkaido University, Japan (Kameda-gun, Hokkaido, Japan). Total RNA was extracted from the 115 liver using Isogen (Nippon gene; Tokyo, Japan) and single-strand cDNA was reverse-transcribed 116 using SuperScript III (Invitrogen, Carlsbad, CA) according to the manufacturers' instructions.
117
A primer set flanking the ORF of igfbp-1a (Table 1) 
125
Part of the ORF of igfbp-1b was amplified using a primer set designed similarly as 126 described above (Table 1 
181
(Bio-Rad, Hercules, CA). Molecular mass was estimated with Precision Marker (Bio-Rad).
182
Western ligand blotting with digoxigenin-labeled human IGF-I (DIG-hIGF-I) was 183 carried out as described in Shimizu et al. (2000) . After electroblotting, the nitrocellulose 184 membrane was incubated with 10-50 ng/ml DIG-hIGF-I for 2 h at room temperature and then
185
incubated with an antibody against DIG, conjugated with horseradish peroxidase (Roche,
186
Indianapolis, IN) at a dilution of 1:1,500-2,500 for 1 h at room temperature. 
219
Immunoblotting
220
GH levels in the culture media were semi-quantified by immunoblotting using an antiserum 221 against GH. Purified chum salmon GH and antiserum against this GH were gifts from Dr.
222
Shunsuke Moriyama, Kitasato University, and Dr. Akihiko Hara, Hokkaido University,
223
respectively. The culture media (20 µl each) were separated by SDS-PAGE and electroblotted
224
onto a nitrocellulose membrane as described in Shimizu et al. (2000) . The membrane was 225 incubated with anti-GH serum at a dilution of 1:50,000 for 2 h at room temperature and then with 226 goat anti-rabbit IgG-HRP conjugate (Bio-Rad) at a dilution of 1:20,000 for 1 h at room 227 temperature. Immunoreactive bands were visualized using ECL Prime Western blotting reagent.
228
Intensities of the GH bands were quantified using ImageJ program and normalized between blots 229 using purified GH as a reference.
purified using QIAEX II Gel Extraction Kit (Qiagen, Valencia, CA). Copy numbers of the 240 purified amplicons were calculated from the molecular weight of the amplicon and concentration.
241
The standard cDNAs were serially diluted from 1 x 10 7 to 3 x 10 2 copies. qPCR assays were Trx.His.rsIGFBP-1a and -1b were induced by adding IPTG to the culture medium and appeared
267
as 49-and 39-kDa bands, respectively, on SDS-PAGE under reducing conditions (Fig. 1) . Both
268
Trx.His.rsIGFBP-1a and -1b were mainly found in the insoluble fraction, and were extracted 269 using 0.2% lysonate and solubilized in a buffer containing 6 M urea. They were separated from to bind DIG-IGF-I on ligand blotting (Fig. 2) . The fusion partners (i.e. Trx and His-tag) were rsIGFBP-1a was detected as a primary band at 27 kDa and minor band at 29 kDa, while 277 rsIGFBP-1b appeared as broad bands around 22 kDa on SDS-PAGE under non-reducing 278 conditions (Fig. 6) . By ligand blot, rsIGFBP-1a and -1b appeared at 28 and 22 kDa, respectively, 279 which corresponded to respective molecular weights of the intact proteins in the serum (Fig. 6 ).
281
Effects of rsIGFBP-1a and -1b on GH release from pituitary cells
282
Effects of hIGF-I and rsIGFBP-1a and -1b on GH release from cultured, adult masu salmon 283 pituitary cells were examined (Fig. 7a) . hIGF-I alone increased GH release by 24 h. The addition
284
of rsIGFBP-1a diminished the IGF-induced GH release, whereas the addition of rsIGFBP-1b had 285 no significant effect. Neither rsIGFBP-1a nor -1b affected the GH release. Pituitary gh mRNA 286 levels were not affected by hIGF-I or rsIGFBP-1a (Fig. 7b) . On the other hand, a signficant 287 overall effect of IGFBP-1b on gh mRNA (P = 0.011) was apparent by two-way ANOVA (Fig. 7b) . 
301
We expressed rsIGFBP-1 with fusion partners, thioredoxin (Trx) and His-tag, using 302 the pET-32a(+) expression vector. 
322
We prepared recombinant fish IGFBP for the first time without a fusion partner. The 323 fusion partners Trx and His-tag were enzymatically cleaved from rsIGFBP-1 using an 324 enterokinase and rsIGFBP-1 was purified by reversed-phase HPLC. Although Trx.His.IGFBP-1s
325
had the ability to bind IGF-I, it is preferable not to have fusion partners for functional analyses.
326
An enterokinase cleavage site in the vector was used to separate rsIGFBP-1s from the fusion 327 partners. However, an apparent non-specific digestion of rsIGFBP-1b occurred when the 328 recommended amount of enterokinase was used (data not shown). Applying half the amount of 329 enterokinase protected rsIGFBP-1s but resulted in lower cleavage efficiencies. The recovery rate
330
of rsIGFBP-1b from Trx.His.IGFBP-1b after HPLC was 10% while it was 22% for rsIGFBP-1a.
331
Further optimization of the production of rsIGFBP-1s, such as using another enzyme recognition 332 site, would increase the yield.
333
Inhibition of pituitary GH production and secretion by circulating IGF-I is an , 1992; Fruchtman et al., 2000 Fruchtman et al., , 2002 Luckenbach et al., 2010) . In the present study. This may be due to the season and/or stage of the masu salmon used in the experiment. Pituitaries were collected from one-year-old male and female masu salmon in late phosphorylated. Mammalian IGFBP-1 is usually highly phosphorylated and the degree of (Jones et al., 1991) . Conversely, dephosphorylation of rat IGFBP-1 did not reduce its IGF-binding 372 affinity (Peterkofsky et al., 1998) . Since the deduced amino acid sequences of salmon IGFBP-1a
373
and -1b possess potential phosphorylation sites in the L-domain (Shimizu et al., 2005 (Shimizu et al., , 2011a ,
374
results of the present study using non-phosphorylated rsIGFBP-1s need to be interpreted with 375 caution.
376
IGFBPs can exhibit IGF-independent actions on cell growth through interacting with 377 the cell surface and/or translocating into the nucleus (Firth and Baxter, 2002; Forbes et al., 2012) .
378
Mammalian IGFBP-1 has an Arg-Gly-Asp (RGD) motif that is a cell surface α5β1 integrin 
386
In summary, this study is the first to produce and purify rsIGFBP-1a and -1b without 
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